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(54) Tyre air pressure estimating apparatus 

(57) In a tire air pressure estimating apparatus, 
wheel speeds of respective wheels are successively 
calculated when a vehicle is running. At least one of a 
tire resonance frequency and a tire spring constant Is 
extracted from vibration frequency components 
included in a wheel speed signal (Vx) with respect to 
each of tires (la-Id). Tire air pressures of drive wheel 
tires (1c. Id) are estimated based on the extracted tire 
resonance frequencies or the tire spring constants. 
Rotational state values (e.g. wheel speed values) of 
driven wheel tires (la. lb) are calculated based on the 
detected wheel speeds. Tire air pressures of driven 
wheel tires (la. 1b) are estimated based on a deviation 
of the rotational state values of the driven wheel tires. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: s 

[0001] The present invention relates to a tire air pres- 
sure estintating apparatus for indirectly estimating tire 
air pressure or change thereof in an automobile or the 
like. 10 

[0002] Japanese Patent Application Lald-Open No. 5- 
133831 discloses an apparatus of estimating an air 75 
pressure state of a trre. In the apparatus, a resonance 
frequency of a tire is extracted by carrying out frequency 
analysis with respect to a signal (wheel speed signal) 
including vibration frequency components of a tire. The 
tire air pressure state is detected based on the 20 
extracted resonance frequency. 
[0003] The resonance frequency used when tire air 
pressure is estimated is about 30 through 50 Hz. How- 
ever, as mentioned below, tire air pressure cannot be 
accurately estimated depending on situations in which 25 
the vehicle is put. For example, the tire air pressure can 
be estimated using a resonance frequency in a range of 
about 30 through 50 Hz when the running speed of a 
vehicle is in a low or middle speed range, like when the 
vehicle runs in an urtjan district or the like. However. 30 
when the running speed of the vehicle reaches a high 
speed range, a vibration phenomenon of a tire is difficult 
to cause. As a result, a power spectrum level of the res- 
onance frequency is towered and accuracy in estimat- 
ing the tire air pressure is worsened. 35 
[0004] For the problems as mentioned above. Japa- 
nese Patent Application Latd-Open No. 7-21723 
teaches an apparatus in which plural resonance fre- 
quencies of a tire are extracted from plural frequency 
ranges, such as a range of about 30 through 50 Hz and 4o 
a range of about 60 through 90 Hz. of the vibration fre- 
quency components Included in the wheel speed sig- 
nals. That is, when the running speed of a vehicle 
reaches a high speed range, the frequency range where 
the resonance phenomenon is intensified is changed 45 
from that of when the running speed of the vehicle is in 
a low through middle speed range. Therefore, when the 
frequency range used for estimating the tire air pressure 
is changed in accordance with the vehicle running 
speed range, the accuracy in estimating tire air pres- so 
sure can be enhanced. 

[0005] The inventors of the present application con- 
firmed that a higher-order resonance frequency (for 
example, in a range of about 60 through 90 Hz) included 
in the wheel speed signal, greatly changes in response ss 
to change of the tire air pressure in a drive wheel of a 
vehicle, which is a characteristic suitable for estimating 
the tire air pressure. However, the inventors also found 



that, even when the higher-order resonance frequency 
is extracted, the change thereof in response to the 
change of the tire air pressure is small in a driven wheel , 
whereby accurate estimation of the tire air pressure is 
difficult. 

SUMMARY OF THE INVENTION 

[0006] Therefore, It is an object of the present inven- 
tion to provide an apparatus capable of accurately esti- 
mating tire air pressures of respective wheels in 
accordance with characierisiics thereof, even when run- 
ning conditions of the vehicle Is changed. 
[0007] In a tire air pressure estimating apparatus 
according to the present invention, a vehicle speed 
detecting device successively calculates wheel speeds 
of respective wheels when a vehicle is running. An 
extracting device extracts at least one of a tire reso- 
nance frequency and a tire spring constant with respect 
to each of tires from vibration frequency components 
included in wheel speed signals which are detection 
results of the wheel speed detecting device. A first tire 
air pressure estimating device estimates tire air pres- 
sures of drive wheels based on the tire resonance fre- 
quencies or the tire spring constants extracted by the 
retracting device. 

[0008] The tire air pressure estimating device further 
comprises a rotational state value calculating device for 
calculating rotational state values of the tires based on 
the wheel speed signals detected by the wheel speed 
detecting device, and a second tire air pressure estimat- 
ing device for estimating the tire air pressures of driven 
wheels fc»ased on a deviation of the rotational state val- 
ues calculated by the rotational state value calculating 
device. 

[0009] That is, the tire air pressures of tiie drive 
wheels are estimated by the first tire air pressure esti- 
mating device canying out frequency analysis in 
respect of the wheel speed signals, because the tire 
resonance frequencies or tire spring constants of the 
drive wheels can be extracted from vibration frequency 
components of tires included in wheel speed signals 
without being much influenced by vehicle running condi- 
tions such as a vehicle speed or the like. To the contrary, 
the tire air pressures of the driven wheels are estimated 
by using a dynamic load radius of a tire. This is because 
accuracy can not be ensured in estimating the tire air 
pressure toy using frequency analysis in respect of the 
wheel speed signals, since a power spectrum level of 
vibration frequency components of a driven wheel tiVe is 
greatly changed in accordance with the vehicle running 
conditions such as tiie vehicle speed or the like. 
[0010] in this way. the tire air pressures can be esti- 
mated accurately regardless of the vehicle running con- 
ditions or whetiier the wheel is a drive wheel or a driven 
wheel. 

[0011] Alternatively, a tire air pressure estimating 
apparatus according to the present invention may com- 
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prise an extracting device for extracting a plurality of tire 
resonance frequencies or a plurality of tire spiring con- 
stants from tire vibration frequency components 
included in a wheel speed signal with respect to each 
wheel, a selecting device for selecting a tire resonance 5 
frequency or tire spring constant used in estimating tire , 
air pressure anrrong the plurality of tire resonance fre- 
quencies or tire spririg constants in aqcordance with a : 
running condition of a vehicle, and a determining device 
for determining based on the running condition of the 10 
vehicle whether the wheel speed signals are suitable tor 
estimating the tire air pressure based on the resonance 
frequency or spring constant extracted therefrprn and 
selected by the selecting device. 

[DDI 2] The inventors found from their study that the is 
wheel speed signal of a driven wheel includes a higher- 
order resonance frequency which greatly changes in 
response to the change of tire air pressure even after a 
running speed of the vehicle reaches a high speed 
range, when the vehicle is in one of predetermined run- 20 
ning conditions. Therefore, the tire air pressure of the 
driven wheel can be estimated based on the^vibration 
frequency components containing such a resonance 
frequency, in the similar manner with the drive wheel. 
[001 3] That is. the tire air pressure of a drive wheel is 2S 
basically estimated all the time based on the resonance 
frequency or spring constant selected by the selecting 
device, because the plurality of resonance frequencies 
or spring constants extracted with respect to the drive 
wheel is not considerably influenced by the vehicle run- 30 
ning conditions such as the vehicle speed or the like. 
[001 4] To the contrary, the tire air pressure of a driven 
wheel is estimated based on the resonance frequency 
or spring constant extracted from the wheel speed sig- 
nal detected when the vehicle is in one of the predeter- as 
mined running conditions. For exanple. a condition in 
which braking force is operated on a vehicle is detected 
as one of the predetermined running conditions. The 
tire air pressure of the driven wheel is estimated t^sed 
on the resonance frequency or spring constant 40 
extracted from the wheel speed signal detected during 
the braking operation of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0015] Other features and advantages of the present 
invention will be appreciated, as well as methods of 
operation and the function of the related parts, from a 
study of the following detailed description, the 
appended claims, and the drawings, all of which form a so 
part of this application. In the drawings: 

Fig. 1 is a model diagram showing a whole struc- 
ture of a tire air pressure estimating device accord- 
ing to a first embodiment of tiie present invention: ss 
Fig. 2 is a block diagram showing a whole structure 
of the tire air pressure estimating apparatus accord- 
ing to the first embodiment; 



Fig. 3 is a block diagram representing a physical 
model used for estimating tire air pressure; 
Fig. 4 is a flowchart showing a processing flow in 
respect of a drive wheel according to the first 
embodiment; 

Fig. 5 is a flowchart showing a processing flow in 
respect of a driven vyheel according to the first 
embodiment; . ^ 

Fig. 6 is a characteristic diagram showing power 
spectiB of wheel speed signals with respect to high 
and low vehicle body speeds; 
Fig. 7 is a characteristic diagram showing relation- 
ships between resonance frequency and tire air 
pressure with respect to high and low vehicle 
speeds; 

Rg. 8 is a graph showing a relationship between 
the resonance frequency and tire air pressure; 
Rg. 9 is a waveform diagram showing a relationship 
between the resonance frequency and tire air pres- 
sure when the resonance frequency is calculated 
by carrying out frequency analysis on the wheel 
speed signal; 

Rg.. IDA is a characteristic diagram indicating 
change of a second resonance frequency peak In 
accordance with tire air pressure in a drive wheel; 
Rg. 10B is a characteristic diagram indicating 
change of a second resonance frequency peak in 
accordance with tire air pressure in a driven vtfheel; 
Rg. 11 A is a characteristic diagram indicating 
change in a ratio of left and right wheel speeds in 
respect of tiie vehicle body speed in tiie driven 
wheel; 

Rg. 118 is a characteristic diagram indicating 
change in a ratio of left and right wheel speeds in 
respect of the vehicle body speed in the drive 
wheel; 

Rg. 12 is a flowchart showing a processing flow for 
tiie drive wheel when an initializing switch is turned 
on; 

Rg. 13 is a flowchart showing a processing flow for 
tiie driven wheel when the initializing switch is 
turned on; 

Rg. 14 is a flowchart in respect of a drive wheel 

according to a second embodiment; 

Rg. 15 is a flowchart in respect of a driven wheel 

according to the second embodiment; 

Rg. 16 is a flowchart in respect of a drive wheel 

according to a third embodiment; 

Rg. 1 7 is a flowchart in respect of a driven wheel 

according to the third embodiment; 

Rg. 18 shows a waveform illustrating calculation 

results of wheel speed Vx after passing through a 

C-band pass filter; 

Rg. 19 is a reference characteristic diagram to 
explaining a specific metiiod of calculating a signal 
intensity of vibrations given from a road; 
Rg. 20 is a characteristic diagram showing another 
method of calculating a signal intensity of vibrations 
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given from a road; 

Fig. 21 is a flowchart showing a processing flow 

according to a fourth embodiment; 

Fig. 22 is a characteristic diagram showing power 

spectra of a wheel speed signal of a driven wheel 

when a stop switch is turned on; 

Fig. 23 is a flowchart showing a processing flow 

according to a fifth embodiment; 

Fig. 24 is a flowchart showing a processing flow 

according to a sixth embodiment; and 

Fig. 25 is a flowchart showing a processing flow 
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DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENT 

[0016] An explanation will be given of preferred 
embodiments according to the present invention in ref- 
erence to the drawings. 

[First Embodiment] 

[0017] Figs. 1 and 2 show a tire air pressure estimat- 
ing apparatus according to the first embodiment of the 
present invention. 

[0018] As shown by Figs. 1 and 2, wheel speed sen- 
sors 2 through 5 are installed to respective tires la 
through Id of a vehicle. The respective wheel speed 
sensors 2 through 5 are composed of rotors 2a through 
5a and pick-up coils 2b through 5b. The rotors 2a 
through 5a are coaxially mounted on a rotary shaft (not 
illustrated) of each of the tires la through 1d to rotate 
along with the respective tires la through 1d, and are 
made from disc-shaped magnetic bodies. The pick-up 
coils 2b through 5b output alternating current signals 
respectively in correspondence with rotational speeds 
of the rotors 2a through 5a. that is, the tires 1a through 
1d. 

[001 9] The alternating cun'ent signals output from the 
pick-up coils 2b through 5b are fed to a known electronic 
control device (hereinafter, referred to as ECU) 6 having 
a waveform shaping circuit and a microcomputer com- 
prising CPU, ROM, RAM and so on so that predeter- 
mined signal processing, which includes waveform 
shaping of the alternating current signals output from 
the pickup coils 2b through 5b, is carried out. 
[0020] The result of the signal processing is provided 
to a display unit 7 which indicates air pressure states of 
the respective tires la through 1d to a driver. The dis- 
play unit 7 may display the air pressure states of the 
respective tires la through Id independently from each 
other or, by providing only one alarm lamp, it may inform 
the driver that air pressure of any one of the tires 
becomes lower than a reference air pressure. 
[0021] It is to be noted that numeral 8 in Fig. 1 desig- 
nates an initializing switch for initializing a detection 
result and the like stored for estimating tire air pressure 
before. 
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[0022] Next, an explanation will be given of details of 
signal processing executed in the ECU 6. 
[0023] First, an explanation will be given of basic prin- 
ciple of estimating a resonance frequency based on a 
wheel speed signal which is earned out in a resonance 
frequency calculating unit 61 of the ECU 6 In Fig. 2. 
Numeral 62 designates a rotational state value calculat- 
ing unit for calculating wheel speeds of respective 
wheels by receiving signals from respective wheel 
speed sensors 2 through 5. Also, a determining unit 
160a is for determining tire air pressures of driven 



wheels by CunifjctriiiQ wrmm bptdtM%> u! rebpe(;iive unvm 

wheels which are the rotational state values. A deter- 
mining unit 160b is for determining tire air pressures of 
all wheels based on corresponding resonance frequen- 
cies. 

[0024] A physical model in estimating tire air pressure 
can be expressed as shown in Fig. 3. 
[0025] That is. road surface distuit>ance m(k) that is 
white noises is applied as an input to the tire/suspen- 
sion system. As a result, a wheel speed signal y(k) 
includes resonance frequency components dependent 
on tiie tire air pressure. 

[0026] In the tire air pressure-estimating apparatus in 
accordance with the first embodiment, the tire/suspen- 
sion system is approximated by a linear forecasting 
model. The parameters of the model are identified by 
tiie least squares method. Assuming that there exists 
one resonant point dependent on the air pressure for 
each tire, it is sufficient that this linear forecasting model 
be approximated up to the ''second" order. This can 
minimize the amount of calculation and the capacity of 
data memory (RAM) necessary for the ECU 6. 
[0027] A second-order discrete time model can be 
given by 



y(k) = -cly(k-l) -c2y(k-2) + m(k) 



(1) 



where k is a sampling time. m(k) is road surface 
disturbance, and y(k) Is the wheel speed signal as 
described above. 

[0028] The unknown laarameters c1 and c2 are Identi- 
fied, using finite number of observed data items y(k). In 
this example, these unknown parameters c1 and c2 are 
identified by the least squares method. 
[0029] More specifically, let 0 be a parameter vector. 
Let z be an observed value vector. We define the follow- 
ing two-dimensional vectors: 



e 



- o 



(2) 



[0030] Thus. Eq. (1) can be rewritten as 



(3) 
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y(k) = Z^(/c)e + m{k) 



(4) 



[0031] As mentioned previously. m(k) in Eq. (4) is the 
road surlace disturbance and can be regarded as white 
noises. Estimation of the unknown parameters by the 
least squares method is made by finding such a value of 
Eq. (2) that minimizes a performance function repre- 
sented by 



N 



(5) 



[0032] According to the batch-type least squares 75 
method, the estimated value of Eq. (2) that minimizes 
Eq. (5) can be given by 



N 



N 



0^l'^z(k)z''{k)y''^z{k)y(k) (6) 20 



For example, see "Introduction to Robust Adaptation 
Control", by Mikio Kanai. Ohm Publishing Company, 
and "Introduction to System Identification". System 
Control Information Library 9. by Toru Katayama. Asa- 
kura Publishing Company. 

[0033] The resonance frequency o> is found from the 
c1 and c2 identified in this way. 
[0034] Letting T be the sampling interval, the relation 
among the parameters c1 and c2 of the second-order 
discrete time model, the resonant frequency co^ and an 
attenuation coefficient ^ is given by the following Eqs. 
(7) and (8): 



c1 =-2c^"^'''^oos(2it(o7l^T) 
c2 ^ c''^''^'^'^ 



(7) 
(8) 



[0035] Therefore, the resonance frequency co and the 
attenuation coefficient ^ can be confuted, using the fol- 
lowing Eqs. (9) and (10): 



1 



2nTA 



logc2^2^ 



(9) 



471 G> 



jJogi 



C2 



(10) 



[0036] A description will be given of contents of a 
processing flow executed by the ECU 6 in the first 
embodiment in reference to the flowcharts of Figs. 4. 5. 
12 and 13. According to the first through the third 
embodiments mentioned below, the ECU 6 executes 
the different processing flows in respect of a driven 
wheel and a drive wheel among the respective tires la 



through Id. 

[0037] Fig. 4 is a flowchart showing contents of 
processing with respect to a drive wheel. 
[0038] First, when an ignition switch of a vehicle is 
5 turned on, the processing proceeds to step 10 and it is 
determiend whether the initializing switch 8 shown in 
Fig. 1 is turned on. 

[0039] A simple explanation will be given of the func- 
tion of the initializing switch 8. 
10 [0040] A tire resonance frequency or tire spring con- 
stant which is used to estimate tire air pressure in the 
first embodiment, is influenced by tire size and category. 
Therefore, when tires are changed, determination val- 
ues for determining that tire air pressures lower need to 
be initialized and updated. 

[0041] In the following, a case in which the initializing 
switch 8 is not brought into an ON-state. that is, the 
determination values for determining lowering of tire air 
pressure have already been established will be 
described. The processing of when the initializing 
switch 8 is determined to be in the ON-state will be men- 
tioned later. 

[0042] First, at step 100, a pulse signal produced by 
wave-shaping an alternating cunrent signal outputted 

25 from the pick-up coil 4b. 5b is read in. The pulse length 
of the pulse signal is divided by its pulse duration. In this 
way. wheel speeds Vx of the drive wheels are calculated 
for respective wheels independently from each other. 
[0043] As illustrated in tiie flowchart, the tire reso- 

30 nance frequency or tire spring constant is calculated 
based on the linear forecasting mettnod. However, as 
described in JP-A-7-21723, it is known that the reso- 
nance vibration of a tire has the following features. 
[0044] That is, in a low through middle vehicle speed 

35 range like when a vehicle runs in an urban district, a res- 
onance peak is present in a range of about 30 through 
50 Hz in a power spectrum of a wheel speed signal witii 
regard to respective frequencies, as shown by an arrow 
A in Fig. 6. 

40 [0045] However, as the vehicle running speed shifts to 
a high speed range, as shown by an arrow B in Fig. 6. 
the resonance peak is gradually decreased. Therefore, 
the resonance peak in the range of 30Hz through 50Hz 
cannot be used for estimating the tire air pressure. 

45 [0046] At this time, as shown by an anrow D in Fig. 6, 
a new resonance peak emerges at abouX 60 Hz through 
90 Hz. In other words, tiie resonance peak in the range 
of 60-90 Hz has a relationship of head and tail of coin 
with regard to the resonance peak in the range of 30-50 

so Hz. As shown by an arrow C in Fig. 6. the resonance 
peak in the range of 60-90 Hz is not clear in the low 
through middle running speed range where the reso- 
nance peak in the range of 30-50 Hz is present. 
[0047] It is considered that the above-described first 

55 resonance peak (in the range of 30-50 Hz) is a torsional 
resonance frequency in the rotational direction of a tire 
and the second resonance peak (in the range of 60-90 
Hz) is secondary components of the torsional reso- 
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nance frequency. When tire air pressure lowers, 
because elastic deformation is increased at a side wall 
portion of the tire, the spring constant in the torsional 
direction is also changed. Both of the resonance peaks 
can be used for estimating the tire air pressure since 
these have dependency on the tire air pressure. 

[0048] Fig. 7 shows relationships between the first 
resonance peak (in the range of 30-50 Hz) and tire air 
pressure as well as the second resonance peak (in the 
range of 60-90 Hz) and tire air pressure. 
[0049] At step 110. it is determined whether the vehi- 

WIG Op^^iJ V 19 OVfUCM iW SJt UlClil CI pi CWICLCI 1 1 III ICU 

Speed Vo, to enable the estimation of the tire air pres- 
sure by the resonance frequency included in the wheel 
speed signal regardless of vehicle running speed, 
because the first resonance peak and the second reso- 
nance peak have the relationship as described above. 
[0050] When the vehicle speed V is determined to be 
smaller than the predetermined speed Vol, that is, 
when the vehicle running speed falls in a low through 
middle speed range, the processing proceeds to step 
120. At step 120, filter processing is carried out so that 
signals of frequencies other than frequencies including 
the first resonance peak are cut off to further intensify 
signal intensity of the first resonance peak. Therefore, a 
narrow band pass filter (hereinafter, referred to as band 
pass filter) having a predetermined frequency pass 
bang (from F1 1 through F12) is used. As shown in Fig. 
7, reference frequencies F11, F22 are in a relationship 
of F11<F12<F21<F22. 

[0051] The wheel speed signal which has passed 
through the band pass filter is the wheel speed signal y 
(k)in£q. (1). 

[0052] At step 130. parameter identifying processing 
is carried out for identifying the parameters c1 and c2 of 
the discrete time model based on Eq. (6) from the wheel 
speed signal y (k) produced by the band pass filter por- 
tion at step 120. 

[0053] In a resonance frequency converting portion at 
step 140. the resonance frequency co is calculated by 
Eq. (9) based on parameters c1 and c2 identified at step 
130. 

[0054] A resonance frequency - tire air pressure con- 
verting portion at step 150 is for converting the calcu- 
lated resonance frequency co into tire air pressure. As 
mentioned above, the higher the tire air pressure, the 
higher the resonance frequency. Conversely, the lower 
the tire air pressure, the lower the resonance frequency. 
Hence, a relationship between tire air pressure and res- 
onance frequency, provided in a map used at step 1 50 
is exemplified in Fig. 8. That is. the relationship is pro- 
vided previously as a table (map) and tire air pressure p 
is directly estimated from a value of the resonance fre- 
quency 00 which has been calculated as mentioned 
above. The tire air pressure estimated value p calcu- 
lated from the value of the resonance frequency g> is 
output to a determining portion of step 160. 
[0055] At step 1 60. the determining portion independ- 
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ently detennines abnormality of tire air pressure with 
respect to the respective wheels by comparing the 
determination values preset as threshold values for 
determining abnormality of tire air pressure with the tire 
5 air pressures p output at step 1 50. 

[0056] When the tire air pressure p output at step 1 50 
is lower than the determination value, the ECU 6 drives 
a displaying portion 7 to indicate abnormality of tire air 
pressure at step 1 70. In the displaying portion 7. a lamp 
10 is lighted on by a drive signal from the ECU 6 and 
abnormality of tire air pressure is informed to a driver. It 

lo &u iiukwi uiol, auiii^iiiiaiiiy ui ui«7 an pieaauic? wiui 

respect to four wheels may be independently displayed 
by lour lamps or may be displayed by a single tamp, by 

15 which sibnormality of any tires is informed. 

[0057] Fig. 9 shows a result of calculating tire reso- 
nance frequencies by the tire air pressure estimating 
apparatus according to the first embodiment. It can be 
read from Fig. 9 that the estimated tire resonance fre- 

20 quency is changed substantially linearly in respect of 
tire air pressure. 

[0058] When the vehicle speed V is determined to be 
larger than the vehicle speed Vol. that is, when the 
vehicle speed V fells in a high speed range, the 

25 processing proceeds to step 220. At step 220, a band 
pass filter having a predetermined frequency pass band 
(from F21 to F22) is used for cutting signals of fre- 
quency bands other than a frequency band including 
the second resonance peak in order to further intensify 

30 the signal intensity of the second resonance peak (in 
the range of 60-90 Hz). 

[0059] The following processing (steps 230 through 
260) is the same as that of steps 130 through 160 with 
respect to the first resonance peak (in the range of 30- 
35 50 Hz). Accordingly, an explanation thereof will be omit- 
ted. 

[0060] Therefore, according to the tire air pressure 
estimating apparatus of the first emt)odiment, natural air 
leakage where tire air pressure is lowered substantially 

40 simultaneously in four wheels or air pressure lowi ng of a 
tire due to puncture caused by stepping on nails can be 
detected with high reliability, in a wide range of vehicle 
speed where the vehicle is actually used. 
[0061] Next, an explanation will be given of a process- 

45 ing flow executed for driven wheels in reference to Fig. 
5. 

[0062] First, before explaining the flowchart of Fig. 5, 
an explanation will be given of results of detailed Inves- 
tigation made by the inventors with respect to the fea- 

50 ture of the second resonance peak (in the range of 60- 
90 Hz) in reference to Figs. 10A and 10B. 
[0063] Figs. 10A and 10B show the changes of the 
second resonance peaks with respect to a drive wheel 
and a driven wheel when tire air pressure is used as a 

55 parameter. As is apparent from the drawings, although 
the change of the second resonance peak for the 
change in the tire air pressure is so large In a drive 
wheel that the second resonance peak can be used for 
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estimating the tire air pressure, in a driven wheel, the 
change of the second resonance peak is very small. It 
has been clarified by research of the inventors that it is 
considerably difficult for the second frequency peak to 
be used for estimation of the tire air pressure of the 
driven wheel in consideration of a dispersion caused by 
vehicle running conditions or the like. 

[0064] A tendency that a rate of the change of the sec- 
ond resonance peak to the change In the tire air pres- 
sure is significant in a drive wheel and inconsiderable in 
a driven wheel, has been confirmed by the inventors on 
a rear wheel drive vehicle, a front wheel drive vehicle 
and a four wheel drive vehicle. Since It has found that 
such a tendency is present In any of the vehicles, the 
phenomena that the wheel speed signal of the drive 
wheel includes the second resonance peak strongly 
depending on the change in the tire air pressure and the 
wheel speed signal of the driven wheel includes the 
second resonance peak weakly depending on the 
change in the tire air pressure, seems to be universal. 
The cause thereof can be considered that, considering 
a state where a tire is in contact with a road in the high 
speed range, because driving force Is always operated 
between the road and the tire of the drive wheel, the 
tread portion on an outer peripheral surface of the tire is 
stably in contact with the road, whereby the change in 
the second resonance peak for the change in the air 
pressure manifestly appears. 

[0065] As disclosed in Japanese Examined Patent 
Publication No. JP-B-5-55332. there have been pro- 
posed many tire air pressure estimating apparatuses in 
which rotational state values of respective tires (values 
produced by integrating wheel speed, wheel angular 
velocity, rotational pulse number and so on for a con- 
stant time period) are calculated based on wheel speed 
signals detected with respect to the respective wheels, 
and puncture In which air pressure of one wheel Is low- 
ered is alarmed from a relative relationship among the 
rotational state values of the respective tires. The basic 
principle capable of determining lowering of air pressure 
caused by puncture or the like using the rotational state 
values resides In the fact that a tire rubber portion of a 
wheel where tire air pressure is lowered deflects owing 
to load of the vehicle more than that of a wheel having a 
normal tire air pressure. As a result, a distance between 
a rotational center of the tire (center of a wheel) and the 
road surface is shortened. In this way, because the 
effective rotation radius of the tire is reduced, the tire 
rotational state value (value integrating a wheel speed, 
wheel angular velocity, rotational pulse number and so 
on for a constant time period) Is Increased more than 
that of the other wheel of which tire air pressure Is nor- 
mal. Accordingly, the lowering of the tire air pressure 
can be detected by comparing the tire rotational state 
values. 

[0066] The inventors have clarified advcuitages and 
disadvantages of a method of determining lowering of 
tire air pressure using the tire rotational state values 



through the detailed Investigation of detection mecha- 
nism. Rg. 5 shows the processing flow of the ECU 6 by 
which lowering of tire air pressure of the driven wheel 
can be determined in a wide range of vehicle speed 
5 where a vehicle is actually used, by utilizing the advan- 
tages of the method against the problem such that tire 
air pressure of a driven wheel is difficult to estimate 
tDased on the second resonance peak (in the range of 
60-90 Hz). 

10 [0067] An explanation will be given of the advantages 
and the disadvantages of the method using the tire rota- 
tional state values in reference to Rgs. 1 1A and 1 1B. In 
Figs 11A and 11B. ratios of rotational state values of 
respective tires of driven wheels and the drive wheels In 

15 a rear wheel drive vehicle, that is, ratios of wheel 
speeds of front left and front right wheels and of rear left 
and rear right wheels (FR: front right wheel, FL: front left 
wheel, RR: rear right wheel, RL: rear left wheel) are 
plotted. In this case, the front and rear right wheels are 

20 brought under normal pressure (for example, 2.0 
kg/cm^ and air pressures of the front and rear left 
wheels are set to 2.0 kg/cm^, 1.6 kg/cm^. and 1.2 
kg/cm^. 

[0068] According to the graph indicating the case of 

25 the driven wheels (FR/FL), a ratio of speeds of left. and 
right wheels (FR/FL) is changed by lowering of tire air 
pressure of the left front wheel (FL), and is stabilized 
without being Influenced by the change of vehicle 
speed. In such a state, lowering of tire air pressure can 

30 be determined based on the ratio of the wheel speeds. 
[0069] To tiie contrary, according to the graph indicat- 
ing the case of the drive wheels (RR/RL), when the tire 
air pressure of the left rear wheel (RL) lowers, tiie ratio 
of speeds of the left and right wheels (RR/RL) shows a 

35 characteristic in which the ratio is clearly changed by 
lowering of tire air pressure in a relatively low vehicle 
speed region witiiin a high vehicle speed range, how- 
ever, the faster the vehicle speed, the less the ratio is 
changed regardless of lowering of tire air pressure of 

40 the rear left wheel (RL). 

[0070] The cause of such a phenomenon is consid- 
ered as follows. 

[0071 ] It is thought that. In a high vehicle speed range 
where air pressure resistance of a tire is t^lanced with 

45 vehicle speed, forward-moving force of the vehicle is 
maintained to a high state, and large driving force is 
applied on drive wheels. That Is, It is thought that slip- 
page occurs In the drive wheels even when tires of both 
left and right wheels are under normal pressure of 2.0 

so kg/cm^. 

[0072] When a slipping state of a rear left wheel of 
which tire air pressure is lowered Is considered, it Is well 
known that when the tire deflects In accordance witfi 
lowering of air pressure, an area of the tire in contact 
55 with a road surface is increased and thereby traction of 
the tire recovers, as a result, slippage of the wheel is fur- 
ther difficult to occur than a wheel of which tire air pres- 
sure is normal. When the influence of such a slipping 
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state of the wheel on the tire rotationat state value (inte- 
grated value of wheel speed) as mentioned above is 
considered, although the integrated value of the wheel 
speed is increased due to reduction of the effective 
rotating radius caused by lowering of tire air pressure, 
the reduction of slippage caused by recovery of the trac- 
tion operates to cancel increase in the integrated value 
of the wheel speed. 

[0073] That is, it means that no constant relationship 

is established between lowering of tire air pressure and 

the Integrated value of the wheel speed, whereby lower- 
inn nf tim air nrARCi iro ic rliffioult tn riafarmtna KacoH r»n 

the integrated values of the wheel speeds. 
[0074] According to the tire air pressure estimating 
apparatus using the rotational state values (integrated 
values of wheel speed or the like) in JP-B-5-55332 
described above, lowering of tire air pressure is deter- 
mined by comparing the tire rotational state values of 
four wheels with each other. Therefore, the above- 
described influence of variation in the rotational state 
values of the drive wheels is unavoidable. For this rea- 
son, the apparatus incorporates a basic problem in 
which a vehicle speed range capable of detecting lower- 
ing of tire air pressure is limited in principle. 
[0075] According to the first embodiment, as shown in 
a flowchart of Fig. 5, to determine lowering of tire air 
pressure of a driven wheel of which the tire air pressure 
is difficult to estimate by the second resonance peak, 
attention is paid to advantages of the method of deter- 
mining lowering of tire air pressure using tire rotational 
state values (integrated value of wheel speed or the 
like). That is. a ratio of the tire rotational state values of 
left and right driven wheels is used as a parameter for 
determining lowering of tire air pressure, t>ased on the 
fact that, in a driven wheel where driving force is not 
operated, the tire rotational state value has characteris- 
tics suitable for estimation of the tire air pressure in 
respect of lowering of tire air pressure. As a result, low- 
ering of driven wheel tire air pressure can be deter- 
mined in a wide range of vehicle speed where a vehicle 
is actually used. 

[0076] An explanation will be given of respective steps 
of the flowchart of Fig. 5. 

[0077] First, when an ignition switch of a vehicle is 
turned on, the operation proceeds to step 310. 
[0078] As has been explained in respect of the drive 
wheel, the following explanation concerns the case in 
which the initializing switch 8 Is not brought in an ON- 
state. that is, determination values for determining low- 
ering of driven wheel tire air pressure have already 
been determined. It is to be noted that processing car- 
ried out when the initializing switch 8 is determined to be 
in the ON-state at step 310 will be described later. 
[0079] At step 400. a pulse signal produced by wave- 
shaping an alternating current signal output from the 
pick-up coil 2b, 3b is read in. The pulse length of the 
pulse signal is divided by its pulse duration, tn this way. 
the wheel speeds Vx of the driven wheels are calculated 
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independently from each other. 

[0080] Next, at step 410. it is determined whether a 
vehicle speed in calculated from the wheel speeds Vx is 
determined to be equal to or smaller than a predeter- 
5 mined speed Vo2. When the running speed of the vehi- 
cle falls in a low through middle speed range, the 
processing proceeds to step 420. The predetermined 
speed Vo2 may be the same as the above-described 
predetermined speed Vol or may be different there- 
to from. 

[0081] The processing from step 400 to step 470 In 

1^ tl^A c«nrv«/s 4ti«#44 fr^vM «*4j"«a>« ^f\r% f«*Mv<^ ^ ~m 

f . w iw ki IC am lie G»« u iGii 1 1 will ty^xj i\j oLCp i f 1/ iii 

Fig. 4 which have already been explained. Accordingly, 
an explanation thereof will be omitted. In the following 

15 description, an explanation will be given of processing 
(steps 520 and 530) carried out when the vehicle speed 
V calculated at step 410 is more than the predetermined 
speed Vo2. That is, driven wheel tire air pressure is dif- 
ficult to estimate using the atx)ve-described first reso> 

20 nance peak (in the range of 30-50 Hz) in a high speed 
range. Therefore, in this case, the method of determin- 
ing lowering of tire air pressure using the rotational state 
values of the respective driven wheel tires are utilized. 
[0082] An explanation will be given of processing at 

25 step 520. It is to be noted that a wheel speed integrated 
value is used as a tire rotational state value. At step 520. 
a wheel speed deviation D between wheel speeds of 
the driven wheels is calculated by the following Equa- 
tion (11), using the wheel speeds Vx which are detected 

30 in respect of right side and left side driven wheels. It is 
to be noted that calculation of the wheel speed deviation 
D is executed at every period of calculating the wheel 
speeds, for example, at every 5 ms. 

35 D = Vxfr/Vxfl (11) 

wherein Vxfr is a wheel speed of the right driven 
wheel and Vxfl Is a wheel speed of the left driven wheel. 
[0083] At step 530, a predetermined number (n) of the 
40 wheel speed deviations D calculated as mentioned 
above is stored in a memory of the ECU 6 and is aver- 
aged by the following Equation (12). 

n 

45 Do =: J^D{k)/n (12) 



[0084] The processing at the step 530 is for removing 
so influence of vehicle running situations such as turning 
or slope ascending/descending to the wheel speeds of 
the driven wheels, although the driving force is not oper- 
ated to the driven wheels. 

[0085] At step 540, the average wheel speed deviation 
55 Do is compared with a predetermined reference value, 
and it is determined that tire air pressure lowers in any 
one of the driven wheels when the average wheel speed 
deviation Do exceeds the reference value. 



EP0925 960 A2 



BNSDOCID: <EP 



0925960A2J_> 



15 



EP0 925 960 A2 



16 



[0086] At step 1 70. a display portion 7 such as a lamp 
or the like is turned on based on a drive signal from the 
ECU 6 as has already been explained. As a way of dis- 
play in this case, four lamps display corresponding to 
the four wheels can be carried out and display using 5 
only one lamp can also be carried out because it. can 
be determined which of the left wheel tire air pressure 
and right wheel tire air piressure has lowered since tow- 
ering of air pressure is determined by comparing the 
wheel speeds of the left and right driven wheels. w 
[0087] Next, an explanation will be given of the case 
In which the initializing switch 8 is turned on in reference 
to Figs. 12 and 13. ; 
[0088] Rrst. an explanatioh will be given of initializa^ 
tion processing for a drive wheel in reference to Fig. 1 2. is 
[0089] At step 600, similar to step 100 as described 
at)Ove. an alternating current slgnsd output from the 
pick-up coll 4b. 5b is wave-shaped to produce a pulse 
signal which is read in by the EGU 6. The pulse length 
of the pulse signal is divided by a pulse duration. In this 20 
way. the wheel speeds Vx of the drive wheels are calcu- 
lated independently from each other. 
[0090] As mentioned above, the initializing switch 8 is 
provided for determining a relationship between a reso- 
nance frequency inherent to a tire and tire air pressure. 2S 
which is necessary in estimating drive wheel tire air 
pressure, when at least one of the tires is changed. 
Therefore, when tiie initializing switch 8 is turned on. it 
is necessary that the tire air pressure of tiie changed 
tire is set to a predetermined value. For example, the 30 
user of the vehicle is required that the tire air pressure 
of tiie changed tire is set to a standard air pressure. 
[0091 ] At step 61 0, a resonance frequency (first reso- 
nance peak) of the drive wheel tire is calculated and 
stored as a first resonance peak a)k1 corresponding to ss 
the standand tire air pressure into a memory of the ECU 
6. 

[0092] After the first resonance peak cokl Is calculated 
at step 610, at step 620. a resonance frequency a>k2 
(second resonance peak) of the drive wheel tire is cal- 40 
culated when the tire Is under the standard air pressure. 
Because a pfrystcal relationship between the first reso- 
nance peak €t)k1 and the second resonance peak <Dk2 is 
elucidated, the second resonance peak cok2 is calcu- 
lated from the relationship. 4s 
[0093] At step 630. a resonance frequency coLI in cor- 
respondence with an alarm pressure is calculated from 
the following Equation (13) based on the first resonance 
peak cokl corresponding to the standard air pressure. 
The resonance frequency coLI is overwritten in the so 
memory in the ECU 6 to establish a new determination 
value of determining lowering of drive wheel tire air 
pressure when the vehicle speed is equal to or less than 
Vo. 

55 

0LI coKI - Aa>1 (13) 
wherein Aol is a constant value. 



[0094] Similarly, at step 640, a determination value 
odL2 of determining lowering of drive wheel tire air pres- 
sure is^ calculated from the following equation (14) 
based, on the resoriance frequency <dK2 (second reso- 
nance peak) calculated at step 620 to enable the deter- 
mination of lowering of drive wheel tire air pressure 
when the vehicle speed is more than Vo. 

■ ■ — i ^ 

ci>L2 s a>K2 - Aa)2 (constant) (14) 

[0095] Next, an explanation wilt be given of initializa- 
tion processing for a driven wheel in reference to Fig. 
13. 

[0096] At step 700, the wheel speeds Vx of the driven 
wheels are calculated in the similar manner with the 
drive wheels. . 

[0097] At step 71 0. a wheel speed deviation Dk corre- 
sponding to a standard tire air pressure is calculated by 
the following Equation (15) on the premise in which a 
tire air pressure of the changed driven wheel tire is set 
to the starxiard air pressure. 

Dk = Vxfr/Vxffl (15) 

[0098] Wherein Vxfr is a wheel speed of the right 
driven wheel and Vxf I is a wheel speed of tiie left driven 
wheel. 

[0099] Further, at step 720. the number (n) of tiie 
wheel speed deviations Dk calculated by Eq. 15. are 
added togetiier as shown by Eq. 12. thereby obtaining 
the average wheel speed deviation Dko. At step 730. 
tire air pressure lowering determination value DL is cal- 
culated based on the average wheel speed deviation 
Dko and is overvritten in the memory of the ECU 6. 

[Second Embodiment] 

[0100] An explanation will be given of a second 
embodiment in reference to Figs. 14 and 15. 
[0101] In the second embodiment, when tire air pres- 
sures of drive wheels are estimated based on the corre- 
sponding tire resonance frequencies calculated from 
vibration components of drive wheel speed signals, the 
frequency ranges of the vibration components are 
divided in two ranges, and signal intensities in the 
respective frequency ranges are calculated. The fre- 
quency range from which the resonance frequency is 
extracted is selected based on the signal intensities. 
[0102] An explanation will be given of the second 
embodiment in reference to a flowchart of Fig. 1 4. It is to 
be noted that the flowchart of Fig. 14 is canried out in 
respect of drive wheels. 

[01 03] Steps 1 0 and 1 00 are the same as those which 
have been described in the first embodiment, and an 
explanation thereof wilt be omitted. 
[0104] At steps 801 and 802. filter processing is car- 
ried out so that signals of frequencies other than fre- 
quencies including the first resonance peak (in the 
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range of 30-50Hz) and the second resonance peak (in 
the range of 60-90Hz) are cut off to further intensify sig- 
nal intensities of the first resonance peak and the sec- 
ond resonance peak. Therefore, band pass filters A and 
B each having a predetermined frequency pass bands 5 
(from F11 to F12 and from F21 to F22 as showvn in Fig. 
7} are respectively used at steps 801 and 802. 

[01 05] At step 803, signal intensities Ga and Gb of the 
first resonance peak and the second resonance peak 
extracted at step 801 are calculated and the magni- 10 
tudes thereof are compared. 

rf%Hi\C% ^^^1^^^^^^ :ii t^^ ^ txt- 

|wi\#wj rui tSAfiicii ictiiui I will uti yivt^ll Ul tt tifjet^llli; 

method of calculating the signal intensities Ga and Gb 
In reference to Fig. 18. 

[01 07] Fig. 1 8 is a waveform of the output from the f il- is 
ter A (step 801) when a wheel speed Vx is filtered. The 
horizontal eucis indicates time. The vertical axis indicates 
a gain representing tee magnitude of the vibration com- 
ponents of the first resonance peak. Let Vx(i) be the 
value of Vx at every calculational interval of 5 ms, for 20 
example. The intensity Ga of the first resonance peak 
can be given by 

n 

Ga=£(\/x(/))2 (16) 25 

/»1 



[0108] That is. it can be expressed as the sum of a 
number (n) of squares of the Vx(i) calculated at every 30 
wheel speed calculational interval. 
[0109] The signal intensity Gb of the second reso- 
nance peak can be calculated in the same manner. 
[01 1 0] The signal intensities Ga and Gb are compared 
to each other. When the signal intensity Ga is larger 35 
than the signal intensity Gb, the range of the resonance 
frequency used in estimating drive wheel tire air pres- 
sure is determined as the frequency range including the 
first resonance peak (in the range of 30-50 Hz) and the 
processing proceeds to step 130. 40 
[01 1 1 1 Step 1 30 and the following steps are the same 
as steps 130 through 170 which have already been 
explained in reference to Fig. 4, and therefore, the 
description thereof is omitted. 

[01 1 2] When the signal intensity Gb is larger than the 45 
signal intensity Ga, the resonance frequency range 
used in estimating the drive wheel tire air pressure is 
determined to be frequency range including the second 
resonance peak. At this time, step 230 and the following 
steps are carried out. which are the same as those as so 
mentioned above referring to Fig. 4. 
[01 1 3] Fig. 1 5 shows a flowchart carried out in respect 
of driven wheels. 

[01 14] In the second embodiment, tire air pressures of 
driven wheels are basically estimated based on the cor- ss 
responding tire resonance frequencies calculated from 
vibration components of driven wheel speed signals. 
However, when a predetermined condition is fulfilled, 



the tire air pressures of driven wheels are estimated 
based on the above described tire rotational state val- 
ues. The following method is adopted to determine that, 
based on which of the resonance frequencies and the 
tire rotational state values, the driven wheel tire air pres- 
sure is to be estimated. That is. the frequency ranges of 
the vibration components of the wheel speed signal are 
divided in two ranges, and signal intensities Ga and Gb 
in the respective frequency ranges are calculated and 
compared (steps 811, 812 and 813). When the signal 
intensity Ga is larger, the driven wheel tire air pressure 

resonance peak) (steps 430 to 460). To the contrary, 
when the signal intensity Gb is larger, the driven wheel 
tire air pressure is estimated based on the tire rotational 
state values (steps 520 to 540). 

[Third Embodiment] 

[01 1 5] The third embodiment will be explained in refer- 
ring to Figs 16. 17 and 19, 

[0116] In the third embodiment, when tire air pres- 
sures of drive wheels are estimated based on the corre- 
sponding tire resonance frequencies calculated from 
vibration components of drive wheel speed signals, a 
vibration input intensity is calculated from vibration com- 
ponents of a tire vibration phenomenon caused by 
vibration input from a road surface. The frequency 
range from which the resonance frequency is to be 
extracted is selected among a plurality of frequency 
ranges based on the vibration input intensity 
[01 1 7] Fig. 1 6 shows a flowchart carried out in respect 
of driven wheels, in Fig. 16. since steps 10 and 100 are 
the same as those in Fig. 4, the description thereof is 
omitted. 

[01 1 8] At step 82 1 , a filtering process is carried out so 
that signals of frequencies other than frequencies 
including the vibration components of the tire vibration 
phenomenon caused by vibration input from the road 
surface, are cut off to further intensify the vibration input 
signal intensity 

[01 1 9] At step 822. the vibration Input signal Intensity 
Gc is calculated from the vibration frequency compo- 
nents input from the road surface of which the signal 
intensity is intensified at step 821. and a magnitude 
thereof is compared with a predetermined reference 
value Geo. 

[0120] An explanation will be given of a specific 
method of calculating signal intensity Gc in reference to 
Fig. 19. 

[0121] Japanese Patent Application Laid-Open No. 6- 
270618 has already taught that the vibration input from 
the road surface can be extracted from variation compo- 
nents of the wheel speed signal by using a suitable 
band pass filter (filter C). The specific method of calcu- 
lating the vibration input is exemplified in Fig. 19. 
[01 22] Rg. 1 9 is a waveform diagram of the output 
from the filter C (step 821) when a wheel speed Vx is fil- 



10 



< EP 0925960A2_ I _ > 



19 



EP0925 960A2 



20 



tered. The horizontal axis indicates time. The vertical 
axis indicates a gain representing the magnitude of the 
vibration components Input from the road surface. Let 
Vx(i) be the value of Vx at every calculational interval of 
5 ms. for example. The signal intensity Gk: of the vibra- 
tion input can be given by 

Gc=^(Vx(i)f (17) 

[0123] That Is, it can be expressed as the sum of a 
number (m) of squares of the Vx(i) calculated at every 
wheel speed calculational interval. 
[0124] Fig. 20 shows another example of the method 
of calculating the signal intensity of vibration input from 
the road surface. That Is, the sum of the maximum gain 
(maxVx(i)) and the minimum gain (minVx(i)) of the 
vibrational components of the wheel speed during the 
calculational interval of the signal intensity Gc is 
adopted as a signal intensity Gc. It is to be noted that, 
when the sum of the maximum gain and the minimum 
gain Is calculated, the absolute value of the rriaxlmum 
gain and the absolute value of the minimum gain are 
added. 

[0125] Calculated singal intensity Gc and the prede- 
termined reference value Geo are compared with each 
other When the vibration input intensity Gc is larger, the 
vibration frequency range used in estimating drive 
wheel tire air pressured is determined to be the fre- 
quency range including the first resonance peak (in the 
range of 30-50 Hz), and the processing proceeds to 
step 130. 

[0126] Step 130 and following steps are the same as 
those in Fig. 4. 

[01 27] When the vbratlon input intensity Gc Is smaller 
than the reference value Geo, the resonance frequency 
range used in estimating drive wheel tire air pressure is 
set to the frequency range including the second reso* 
nance peaK, and the processing proceeds to step 230. 
Step 230 and the following steps are the same as those 
in Fig. 4. 

[01 28] Fig. 1 7 shows a flowchart carried out in respect 
of driven wheels. 

[0129] In the third embodiment, tire air pressures of 
driven wheels are basically estimated based on the cor- 
responding tire resonance frequencies calculated from 
vibration components of driven wheel speed signals. 
However, when a predetermined condition is fulfifled, 
the tire air pressures of driven wheels are estimated 
based on the above described tire rotational state val- 
ues. The following method is adopted to determine that, 
based on which of the resonance frequencies and the 
tire rotational state values, the driven wheel tire air pres- 
sure is to be estimated. That is, the vibration Input signal 
Intensity Gc Is calculated from the vibration components 
of the tire vibration phenomenon caused by the vibra- 
tion Input from the road surface (steps 831 and 832). 



When the signal intensity Gc is larger, the driven wheel 
tire air pressure is estimated based on the resonance 
frequency (first resonance peak) (steps 430 to 460). To 
the contrary, when the signal intensity Gc is smaller, the 

5 driven wheel tire air pressure is estimated based on the 
tire rotational state values (steps 520 to 540). 
[0130] The present invention is not limited to the 
above<iescribed embodiments but can be variously 
modified as follows. 

10 [01 31 ] For example, according to the above-described 
embodiments, the ECU 6 is constituted such that the 
processing for the drive wheels and the processing for 
the driven wheels proceed to the different flows. That is, 
independent calculating units and determining units 

15 which can perform calculation processing for the drive 
wheel and the driven wheel in parallel are provided. 
However, the calculation processing may be carried out 
in the ECU 6 as in the order of right drive wheel -> left 
drive wheel right driven wheel -> left driven wheel. In 

20 this case, after it is determined whether the initializing 
switch 8 is turned on, which is carried out after the igni- 
tion switch is turned on, whether a control object wheel 
is a drive wheel or a driven wheel may be determined. 
When it is determined to be a drive wheel, the process- 
es ing may proceed to the processing flow of Fig. 4. as 
explained In the first embodiment, and when it is deter- 
mined to be the driven wheel, the processing may pro- 
ceed to the processing flow of Fig. 5. The same goes 
with the second and the third embodiments. 

30 [0132] In the above-described embodiments, the 
method of estimating driven wheel tire air pressure or 
the method of determining abnormality thereof Is 
switched based on the vehicle speed, the signal inten- 
sity or the signal input intensity. That is, the tire air pres- 

35 sure estimating method using the resonance frequency 
and the method using the deviation of the rotational 
state values such as the wheel speed difference or the 
like are switched based on the vehicle speeds, the sig- 
nal intensity or the signal input Intensity. However, 

40 abnormality of the driven wheel tire air pressure may be 
always estimated based on the deviation of the rota- 
tional state values and the drive wheel tire air pressure 
may be estimated based on the corresponding reso- 
nance frequency. For example, in Rg. 5 of the first 

45 embodiment, step 110 through step 160 may be omit- 
ted, and the processing may proceed in an order from 
step 100 to steps 320. 330. 340 and 170. The same 
goes with the second and third embodiments. 
[0133] Although according to the above^escribed 

so embodiments, change In the tire resonance frequency 
is used to estimate tire air pressures of the drive and 
driven wheels or to detect abnormality thereof. How- 
ewer, tire air pressures of the drive and driven wheels 
may be estimated or abnormality thereof may be deter- 

55 mined by estimating change of the tire spring constant. 
The change of the tire spring constant can be detected 
by detecting, for example, the change of the tire reso- 
nance frequency. 
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[0134] Further, all of analyzing methods such as FFT 
(htgh'Speed Fourier transformation), linear projection 
method and so on are applicable to signal analyzing 
processing for wheel speed signals, which is carried out 
to detect resonance frequencies of the respective tires 
in the above-described embodiments. 

[Fourth Embodiment] 

[0135] In the fourth embodiment, as shown by a dot- 
ted line in Fig. 1 , a signal from a brake switch (stop sw) 
9 is fed to the ECU 6 and is used as one of conditions 
fbr analyzing the wheel speed signals, tt Is to be noted 
that, as the signal of the brake switch 9, a signal from a 
well-known stop lamp switch may be used. Further, if a 
brake system of the vehicle has a brake fluid pressure 
control device including a solenoid valve, in place of the 
road disturbance m (k), brake fluid pressure vibration 
which is caused by ON-OFF control of the solenoid 
valve and is transmitted to a wheel tire via a wheel cyl- 
inder can be used as a vibration source causing the 
vibration of the tire. 

[01 36] Next, a description will be given of a processing 
flow of the first embodiment in reference to a flowchart 
of Fig. 21 . It is to be noted that, because the ECU 6 exe- 
cutes the same processing with regard to the respective 
tires la through Id. the flowchart explained below 
shows only processing in respect of the tire la. 
[01 37] In Fig. 21 , when an ignition switch of the vehicle 
is turned on, it is determined whether the initializing 
switch 8 is turned on at step 10. When the initializing 
switch 8 is not turned on, the wheel speed Vx is calcu- 
lated as explained in the first embodiment. 
[01 38] At step 1 1 0, it is determined whether a vehicle 
speed V calculated from the wheel speeds Vx is equal 
to or less than a predetermined speed V01 . 
[01 39] When the vehicle speed V is higher than the 
predetermined speed V01, that is, when the running 
speed of the vehicle is In a high speed range, it is deter- 
mined at step 900 whether the brake switch 9 is turned 
on. Only when the brake switch 9 is determined to be 
turned on, step 220 and following steps are candied out. 
That is, the brake switch 9 functions as a determining 
device for determining whether the wheel speed signal 
is suitable for estimating the tire air pressure based on 
the resonance frequency or spring constant extracted 
therefrom. 

[0140] As described above in reference to Figs. 10A 
and 10B, the change of the second resonance peak in 
response to the change of tire air pressure is large with 
regard to a drive wheel, but small with regard to a driven 
wheel. 

[0141 ] The reason that the change of the second res- 
onance peak is large with regard to the drive wheel is in 
that the driving force is always operated between the 
road surface and the drive wheel tire, and the tread por- 
tion (an outer peripheral portion) of the drive wheel tire 
is stably brought into contact with the road surface. 



[0142] However, the driving force is not operated to 
the driven wheel. Therefore, the inventors have investi- 
gated on an effect of braking force by which an effect 
similar to that of the driving force can be expected. As a 

5 result, as shown in Fig. 22. it has been clarified that the 
change of the second resonance peak in response to 
the change of tire air pressure is significantly mani- 
fested in the driven wheel, similar to the drive wheel, 
when the braking force is applied to the vehicle. That is, 

10 it is time when the brake switch 9 is brought into an ON- 
state, in other words, when wheel braking force is 
applied on wheels, it is considered as a factor for signif- 
icantly manifesting the change of the second resonance 
peak with respect to the driven wheel that, when the 

15 wheel braking force is applied on the wheels, force for 
bringing a tire of a wheel in contact with a road surface, 
that is, so-to-speak tire grip force becomes large com- 
pared with that in the case where the wheel braking 
force is not applied, and therefore vibration input from 

20 the road surface to the tire is enhanced. It is to be noted 
that, even if vibration input to the tire is given not from 
irregularities of a road surface but from brake fluid pres- 
sure vibrations caused by the ON-OFF operation of the 
solenoid valve used for anti-skid control or the like, 

25 when braking force is applied on the wheels, since the 
force fbr causing the tires to contact the road surface is 
enhanced, the vibration of the tire caused by the pres- 
sure vibrations becomes larger than that in the case 
where the braking force is not applied thereon. 

30 [01 43] Step 220 and the following steps are the same 
as those in Rg. 4. 

[01 44] When the brake switch 9 is in an OFF-state and 
the vehicle running speed is equal to or higher than the 
predetermined speed V01. although calculation of the 
35 wheel speed Vx is repeatedly carried out, the process- 
ing does not proceed to step 220 and the following 
steps. 

[0145] An additional step may be provided between 
step 1 10 and step 900 to determine whether a control 

40 object wheel is a drive wheel or a driven wheel. When 
the control object wheel is the drive wheel, the process- 
ing may directly proceed to step 220 without carrying 
out step 900. This is because the tire air pressure of the 
drive wheel can be estimated based on the second res- 

45 onance peaK even when the brake switch 9 is not 
turned on. 

[Fifth Embodiment] 

so [0146] In the fifth embodiment, if the running speed of 
a vehicle exceeds a predetermined speed V02, that Is. 
the vehicle running speed is in a high speed range, tire 
air pressure is estimated based on the corresponding 
second resonance peak calculated from vibration com- 

55 ponents of a wheel speed signal, only when an intensity 
of vibration input from a road surtece is falls in a prede- 
termined range. 

[0147] An explanation will be given of the flowchart of 
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Fig. 23 according to the f rfth embodiment, j \ 
[0148] Because steps 10, 100 and 110 are the same 
as those in Rg. 21 , the explanation thereof is omitted. It 
is to be noted that a predetermined speed V02 used in 
step 110 may be the same as the predetermined speed 
V01 In the first embodiment or may be different there- 
from. 

[0149] Further, an explanation from steps 1 20 to 1 60 
illustrated in Fig. 23 will be omitted since these steps 
are the same as the contents of processing which have 
already been explained in the first emt>odiment. The fol- 
lowing description concerns the processing (step 910 
and the fbllowings) can'ied out when the vehicle! speed 
V calculated at the step 1 1 0 is higher than the predeter- 
mined speed V02. 

[0150] At step 91 0. a band-pass filtering process (filter 
C) is carried out so that signals of frequencies other 
than frequencies including the vibration components of 
the tire vibration phenomenon caused by vibration input 
from the road surface, are cut off to further intensify the 
vibration input signal intensity. 

[01 51 ] At step 920, the vibration input signal intensity 
Gc is calculated from the vibration frequency compo- 
nents input from the road surface of which the signal 
intensity is intensified at step 821. and a magnitude 
thereof is compared with a predetermined reference 
value Goo. 

[01 52] A specific method of calculating signal intensity 
Gc is the same as the method explained in reference to 
Fig. 19 or the method explained in reference to Fig. 20. 
[0153] Calculated signal intensity Gc and the prede- 
termined reference value Goo are compared with each 
other at step 920. When the vibration input signal inten- 
sKy Gc is larger, the processing proceeds to step 220 
and the followings the same as those in Fig. 4. That is. 
the tire air pressure is estimated based on the second 
resonance peak. When the vibration input signal inten- 
sity Gc is smaller and the vehicle running speed is 
higher than the predetermined speed V02. although cal- 
culation of the wheel speed Vx is r^eatedly canried out, 
the processing does not proceed to step 220 and the 
following steps. 

[Sixth Embodiment] 

[0154] In the sixth embodiment, if the running speed 
of a vehicle exceeds a predetermined speed V02. that 
is, the vehicle running speed is in a high speed range, 
tire air pressure is estimated based on the correspond- 
ing second resonance peak calculated from vft^ration 
components of a wheel speed signal, only when a vehi- 
cle is in a turning state. Fig. 24 shows a f towchart of the 
sixth embodiment. 

[0155] An explanation of steps 10 to 170 and steps 
220 to 260 illustrated in Fig. 24 is omitted since these 
are the same as the contents of processing which have 
already been explained in the first embodiment. In the 
following description, the processing (steps 930 and the 



followings) carried out when the vehicle speed V calcu- 
lated at step 110 is higher than the predetermined 
speed Vo2. are explained. 

[01 56] At step 930. tire rotational state values such as 
5 values produced by integrating wheel speeds or the like 
are used to determine whether a vehicle is in a turning 
state. That is, a wheel speed deviation D is calculated 
by the. following Equation (18) using the detected wheel 
speeds Vx of a front right and front left wheels the vehi- 
10 die. It is to be noted that the calculation of the wheel 
speed deviation D is candied out at every calculation 
period of the wheel speed, for example, at every 5 ms. 

D = IVxfr - Vxffll (18) 

75 

wherein Vxfr is a wheel speed of the front right 
wheel and Vxf I is a wheel speed of the front left wheel. 
[01 57] At step 940, a predetermined number (n) of the 
wheel speed deviations D calculated as mentioned 
20 above is stored in a memory of the ECU 6 and is aver- 
aged by the following Equation (19). 

n 

Do=XD(/c)/n (19) 

25 



[01 58] The purpose of the processing resides in that 
although influence by a road shape is considered to be 

30 comparatively small on a road where high speed run- 
ning is feasible, the wheel speeds Vx yet receive influ- 
ence of slope ascending or stope descending or the like 
and accordingly. It is to be removed. 
[01 59] At step 950. it is determined whether the aver- 

35 age wheel speed deviation Do calculated as mentioned 
above is larger or smaller than a predetermined refer- 
ence value DTH. When the average wheel speed devia- 
tion Do exceeds the reference value DTH, the vehicle is 
determined to be in a turning state and tire air pressure 

40 is estimated based on the second resonance peak 
extracted from only the wheel speed signals in this situ- 
ation. 

[01 60] The estimation of tire air pressure in the turning 
state may be carried out only with respect to a wheel 

45 located at an outside of a turning circle. That is, 
because a load for causing a tire to corttact the road sur- 
face is increased with respect to the wheel located at an 
outside of a turning circle (for example, in turning to the 
right, front and rear left wheels) by movement of load in 

so the vehicle body, vibration input from the road surface is 
considered to become large. Therefore, an additional 
step of determining whether a processing object wheel 
is a wheel located at an outside or an inside of a turning 
circle may be provided. In this case, a wheel having, for 

55 exanrtple. a higher average wheel speed is selected as 
the wheel located at the outside of the turning circle. 
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[Seventh Embodiment] 

[0161] fn the seventh embodiment, if the running 
speed of a vehicle exceeds a predetermined speed 
V02, that is, the vehicle running speed is in a high speed s 
range, tire air pressure is estimated based on the corre- 
sponding second resonance peal^ calculated from 
vibration components of a wheel speed signal, only 
when a vehicle body (or wheels) is in a decelerating 
state. Fig. 25 shows a flowchart of the seventh embodi- io 
ment. 

rniR91 An ovnianfltinn r\f ctorte in 1 TH ortH etanc 

220 to 260 illustrated in Fig. 25 is omitted since these 
are the same as the contents of processing which have 
already been explained in the first emkxxliment. In the is 
following description, the processing (steps 960 and the 
followings) carried out when the vehicle speed V calcu- 
lated at step 110 is higher than the predetermined 
speed Vo2, are explained. 

is an embodiment in which tire air pressure is 20 
estimated only when a vehicle or a wheel is brought into 
a decelerating state as selecting means for selecting 
wheel speed signals in accordance with a running situ- 
ation of the vehicle and Fig. 15 shows a flowchart 
thereof. In the following, a case in which a vehicle decel- 2S 
erating state is detected based on the wheel speed Vx 
is described. 

[01 63] At step 960. a representative wheel (for ecam- 
ple, right front wheel or the like) for representing a 
decelerating state of a vehicle is determined, and a pre- 30 
ceding value Vhb of an average wheel speed as well as 
a current value Vhn thereof is calculated by the follow- 
ing Equation (20) using the wheel speed Vx detected 
with respect to the representative wheel. It is to be 
noted that calculation of the wheel speed Vx is carried 3S 
out at every calculating period of the wheel speed, for 
example, at every 5 ms. 

n 

Vhb = ^A^Vf^ (20) 40 



[01 64] That is. the preceding value Vhb of the average 
wheel speed is calculated by storing a predetermined 4s 
number (n) of the wheels speed values Vx calculated at 
every calculation period of the wheel speed in a mem- 
ory of the ECU 6 and averaging them. 
[0165] The cunrent value Vhn of the average wheel 
speed is calculated in the similar manner with the pre- so 
ceding value Vhb. 

[0166] As described above, the average wheel speed 
Vh can be calculated by time-sequentially adding each 
predetermined number (n) of wheel speed values Vx. In 
this case, a latest average wheel speed is referred to as ss 
the current value Vhn, and the average wheel speed 
calculated at one preceding calculating period is 
referred to as the preceding value Vhb. 



[0167] At step 970. a deceleration G(-) is calculated 
from a difference between the preceding value and the 
current value of the average wheel speed by the follow- 
ing Equation (21). 

Deceleration G(-) = Vhb - Vhn 

[0168] At step 980. a comparison of whether the 
deceleration G(-) is larger or smaller tiian a predeter- 
mined value Qd is carried out. That is, it is determined 
whether the vehicle is in a decelerating state. 

■ wi ii/ wviidi u vdiiwic; i<0 uOLCi lint lowa iw ui 

the decelerating state at step 980. the processing pro- 
ceeds to step 220 and the following steps. Othenivise. 
calculation of wheel speed at step 100 is repeated. 
[01 70] Alternatively, decelerating states of respective 
wheels may be determined at steps 960 through 980, In 
stead of the decelerating state of tiie vehicle, and the 
processing of step 220 and the followings may be car- 
ried out with respect to only the wheels determined to 
be in the decelerating state. In this case, at step 960, an 
average wheel speed of each wheel in a predetermined 
reference time period is calculated. A wheel decelera- 
tion of each wheel is calculated at step 970. It is deter- 
mined at step 980 whether the wheel deceleration Gw(- 
) of each wheel is larger than the reference value Gwd. 
[0171] The vehicle decelerating state and the wheel 
decelerating state may be caused by a driver's braking 
operation or engine brake. Further, Itie vehicle deceler- 
ating state and the wheel decelerating state are botii 
considered to determine whether the estimation of tire 
€ur pressure is to be carried out based on the second 
resonance peak. That is, the processing may proceed 
to step 220 only with respect to a wheel when the vehi- 
cle deceleration G(-) is equal to or more than the prede- 
termined reference value Gd. and the wheel 
deceleration Gw(-) tiiereof is equal to or more than the 
predetermined reference value Gwd to permit the esti- 
mation of tire air pressure. In this case, erroneous esti- 
mation of tire air pressure can be prevented as less as 
possible and further accurate estimation of tire air pres- 
sure can be carried out. 

[0172] The present invention is not limited to the 
above-described fourth through seventh embodiments 
but can be modified variously. 

[0173] For example, according to the respective 
embodiments, when the wheel speed signal vibration 
components are filtered io extract tire resonance fre- 
quency therefrom, frequency values defining a pass 
band of a filter are changed depending on a braking 
state which is detected by the brake switch 9, the mag- 
nitude of vibration input from a road surface (vibration 
irput intensity), a turning state of a vehicle, or a deceler- 
ating state of a vehicle or a wheel, which are used as 
vehicle running conditions independent from each 
otiier. However, the filter frequency values may be 
changed by combining the respective conditions. For 
example, the processing may proceed to step 220 and 
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the followings (filter B portion) in the respective flow- 
charts when the magnitude of vibration input from a 
road surface is large enough, the brake switch 9 is 
tumed on, the vehicle is in a turning state, and a vehicle 
or a wheel is in a decelerating state. The order of the 5 
conditions to be determined can be set arbitrarily. 

[0174] Further, according to the above-described 
respective embodiments, when the running state of a 
vehicle does not satisfy the conditions such as the ON- 
state of a brake switch 9. the large magnitude of vibra- 10 
tion input from a road surface, the vehicle turning state 
or the deceleration state of a vehicle or a wheel, for 
example, when the ON-state of the brake switch 9 is 
negatively determined at step 900 of Fig. 20, the 
processing returns to a wheel speed calculating step is 
(step 100) and tire air pressure is not estimated. How- 
ever, when these conditions are not satisfied, tire air 
pressure may be estimated by comparing respective 
wheel speeds with each other, or based on differences 
among the respective wheel speeds. According to so 
determination of tire air pressure using the wheel speed 
values, for example, wheel speeds of all of wheels may 
be compared, or differences among the respective 
wheel speeds may be obtained when a vehicle is nei- 
ther in an accelerating or decelerating state nor in a 25 
turning state. A wheel of which the wheel speed is 
larger by a reference value than the wheel speeds of the 
other wheels may be determined as a wheel in which 
the dynamic load radius of the tire is reduced because 
of the lowering of tire air pressure. Also, in the above- 30 
desaibed case, a tire rotational state value other than 
the wheel speed value can be used to specify the wheel 
of which air tire pressure lowers. 
[0175] Although according to the above-described 
respective embodiments, the estimation of tire air pres- 35 
sure is canried out based on the resonance frequency of 
a tire, the estimation of tire air pressure may be carried 
out based on a tire spring constant calculated from the 
resonance frequency of the tire or a tire spring constant 
equivalent to the resonance frequency of the tire. 40 
[0176] Further, tire air pressure is estimated without 
discriminating between a driven wheel and a drive 
wheel according to the above-described respective 
embodiments. However, when the running speed of a 
vehicle Is in a high speed range, a power spectrum of a 4S 
wheel speed signal of a drive wheel is large since the 
driving force output from an engine is transmitted to the 
drive wheel and the power spectrum of a wheel speed 
signal of a driven wheel is small since the driving force 
output from the engine is not transmitted to the driven so 
wheel. Because the change of the higher order reso- 
nance frequency (second resonance peak) relative to 
the change of tire air pressure is manifested considera- 
bly and stably, the tire air pressure of the drive wheel 
may be estimated by step 220 and the followings (filter ss 
B portion) based on the second resonance peak (in the 
range of 60-90 Hz) virithout considering the vehicle run- 
ning conditions or the magnitude of vibration input from 



a road surtece. In this case, the tire air pressure of a 
driven wheel may be estimated in view of the vehicle 
running conditions or the magnitude of vibration input 
from a road surface. 

Claims 

1 . A tire air pressure estimating apparatus comprising: 

a wheel speed detecting device (2-5) for suc- 
cessively calculating wheel speeds of respec- 
tive wheels when a vehicle is running; 
an extracting device (61) for extracting at least 
one of a tire resonance frequency or a tire 
spring constant with respect to each of wheel 
tires from vibration frequency components 
included in wheel speed signals which are 
detection results of said wheel speed detecting 
device; 

a first tire air pressure estimating device (160b) 
for estimating tire air pressures of drive wheels 
based on said tire resonance frequencies or 
said tire spring constants extracted by said 
extracting device; 

a rotational state value calculating device. (62) 
for calculating rotational state values of driven 
wheel tires based on said wheel speeds 
detected by said wheel speed detecting device; 
and 

a second tire air pressure estimating device 
(1 60a) for estimating tire air pressures of driven 
wheels based on deviations of said rotational 
state values calculated by said rotational state 
value calculating device. 

2. A tire air pressure estimating apparatus according 
to Claim 1 , wherein said first tire air pressure esti- 
mating device (1 60b) includes a selecting device (6: 
step 110, steps 801 -803. steps 821 , 822) for select- 
ing a vibration frequency range of said vibration fre- 
quency components included in said wheel speed 
signal from which said tire resonance frequency or 
tire spring constant is to be extracted by said 
extracting device, and tire air pressures of said 
drive wheels are estimated based on said tire reso- 
nance frequency or tire spring constant extracted 
from said vibration frequency range selected by 
said selecting device. 

3. A tire air pressure estimating apparatus according 
to Claim 2. wherein said selecting device includes a 
running speed detecting device (6: step 110) for 
detecting a running speed of said vehicle and 
selects said vibration frequency range based on 
said running speed. 

4. A tire air pressure estinrating apparatus according 
to Claim 2, wherein said selecting device com- 



15 



092596QA2_I.> 



29 



EP0925 960 A2 



30 



prises: 

a dividing device (6: steps 801 . 802) for dividing 
said vibration frequency components into a plu- 
rality of vibration frequency ranges; and 
a signal intensity calculating device (6: step 
803) for calculating signal intensities in said 
respective vibration frequency ranges, 
wherein said selecting device selects said 
vibration frequency range from which said tire 
resonance frequency or tire spring constant is 

iw tjxs oAUduicci ciiiiwii^ aoiu viuiciiiuii iicn^uenuy 

ranges based on said signal intensities calcu- 
lated by said signal intensity calculating device. 

5. A tire air pressure estimating apparatus according 
to Claim 2. wherein said selecting device (6: steps 
821 , 822) calculates vibration input intensity from a 
road surtoce to said tires and selects said vibration 
frequency range based on said vibration input 
intensity. 

6. A tire air pressure estimating apparatus according 
to Oaim 1, wherein said second tire air pressure 
estimating device (160a) includes a condition deter- 
mining device (6: step 410. steps 811-813. steps 
831, 832) for determining whether conditions for 
carrying out estimation of said tire air pressure 
based on said rotational state values are satisfied. 

7. A tire air pressure estimating apparatus according 
to Claim 6. wherein said condition determining 
device includes a running speed detecting device 
(6: step 410) for detecting a running speed of said 
vehicle and determines whether said conditions are 
satisfied teased on said running speed. 

8. A tire air pressure estimating apparatus comprising : 

a wheel speed detecting device (2*5) for suc- 
cessively calculating wheel speeds of respec- 
tive wheels when a vehicle is running; 
an extracting device (61) for extracting at least 
one of a tire resonance frequency or a tire 
spring constant with respect to each of wheel 45 
tires from vibration frequency components 
included in wheel speed signals which are 
detection results of said wheel speed detecting 
device; 

a first tire air pressure estimating device ( 1 60b) so 
for estimating tire air pressures of drive and 
driven wheels based on said tire resonance fre- 
quencies or said tire spring constants extracted 
by said extracting device; 

a rotational state value calculating device (62) ss 
for calculating rotational state values of wheel 
tires based on said wheel speeds detected by 
said wheel speed detecting device; 



a running speed detecting device (6: step 1 10) 
for detecting a running speed of said vehicle; 
and 

a second tire air pressure estimating device 
(160a) for estimating tire air pressures of driven 
wheels based on deviations of said rotational 
state values calculated by said rotational state 
value calculating device, when said running 
speed of said vehicle is higher than a reference 
speed. 

wherein an estimating device of tire air pres- 
sures of driven wheels is switched between 
said first and second tire air pressure estimat- 
ing devices. 

9. A tire air pressure estimating apparatus comprising: 

a wheel speed detecting device (2-5, 6:step 
100) for successively calculating wheel speeds 
of respective wheels when a vehicle Is running: 
an extracting device (6: steps 120-140. 220- 
240) for extracting a plurality of tire resonance 
frequencies or a plurality of tire spring con- 
stants from vibration frequency components of 
a wheel speed signal with respect to each of 
wheel tires; 

a selecting device (6: step 1 10) for selecting a 
tire resonance frequency or tire spring constant 
used for estimating tire air pressure among 
said plurality of tire resonance frequencies or 
said plurality of tire spring constants based on 
a running state of said vehicle with respect to 
each of said wheel tires; 
a determining device (6: steps 900-980) for 
determining, based on said running state of 
ssiid vehicle, whether said wheel speed signal 
is suitable for estimating said tire air pressure 
based on said tire resonance frequency or tire 
spring constant extracted therefrom and 
selected by said selecting device; and 
a tire air pressure estimating device (6: step 
150. step 250) for estimating said tire air pres- 
sure based on said tire resonance frequency or 
tire spring constant selected by said selecting 
device and extracted from said wheel speed 
signed detected when said determining device 
determines that said wheel speed signal is suit- 
able for estimating said tire air pressure based 
on said tire resonance frequency or tire spring 
constant extracted therefrom. 

10. A tire air pressure estimating apparatus according 
to Claim 9. wherein said determining device (6: step 
900) Includes a detecting device (9) for detecting a 
vehicle running state in which one of braking force 
or driving force is operated on said vehicle, and said 
determining device allows said tire resonance fre- 
quency or tire spring constant to be extracted and 
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selected from said wheel speed signal - detected 
when one of said braking force or driving force is 
operated on said vehicle. 

11. A tire air pressure estimating apparatus according 
to Claim 9, wherein said determining device 
includes a calculating device (6: step 910i) for cal- 
culating a vibration input frorh a road surfeice when 
said vehicle is running, and said determining device 
(6: step 920) determines a magnitude of said vibra- 
tion input based on a calculating result of said cal- 
culating device and allows said tire resonance 
frequency or tire spring constant to be extracted 
and selected from said wheel speed . signal 
detected when said magnitude of said vibration 
input falls in a predetermined range. 

12. A tire air pressure estimating apparatus according 
to Claim 9, wherein said determining device (6: 
steps (930-950) includes a turning state detecting 
device (6: steps 930, 940) for detecting a turning 
state of said vehicle, and said determining device 
allows said tire resonance frequency or tire spring 
constant to be extracted and selected from said 
wheel speed signal detected when said vehicle is in 
said turning state. 

13. A tire air pressure estimating apparatus according 
to Claim 9, wherein said determining device (6: 
steps 960-980) includes a decelerating state 
detecting device (6: steps 960, 970) for detecting a 
decelerating state of said vehicle, and said deter- 
mining device allows said tire resonance frequency 
or tire spring constant to be extracted and selected 
from said wheel speed signal detected when said 
vehicle is in said decelerating state. 

1 4. A tire air pressure estimating apparatus comprising: 

a wheel speed detecting device (2-5. 6: step 
100) including wheel speed sensors (2-5). for 
successively calculating wheel speeds of 
respective wheels based on wheel speed sig- 
nals output from said wheel speed sensors 
when a vehicle is running; 
an extracting device (6: steps 120-140, 220- 
240) for extracting a tire resonance frequency 
with respect to each of wheel tires from vibra- 
tion frequency components Jnduded in said 
wheel speed signals; 

a running state detecting device (9. 6:step 110. 
step 910, steps 930 and 940. steps 960 and 
970) for detecting a running state of said vehi- 
cle; 

a changing device (6: step 900. step 920. step 
950. step 980) for changing a frequency band 
including said tire resonance frequency 
extracted by said extracting device based on a 



detection result of said running state detecting 
device; and 

a tire air pressure estimating device (6: step 
ISOi istep 250) for estimating a tire air pressure 
5 of each of said wheel tires based on said tire 

resonarice frequency extracted from said fre- 
quency-band changed by said changing 
device. 

10 15. A tire air pressure estimating apparatus according 
. to Claim 14. wherein said extracting device includes 
a filter (6; step 120, step 220) for carrying out filter- 
processing .with respect to said wheel speed sig- 
nals. and:said changing device changes frequency 

13 values of said filter for defining said frequency 
band. 

16. A tire air pressure estimating apparatus according 
to Claim 15, wherein said filter has a plurality of fil- 

20 ter portions (6: step 1 20. step 220). and said chang- 
ing device changes frequency values of said filter 
by selecting one of said filter portions. 

17. A tire air pressure estimating apparatus according 
25 to Claim 15. wherein said running state detecting 

device (6:step 110) detects a vehicle body speed of 
said vehicle, and said changing device changes 
said frequency values of said filter l)ased on said 
vehicle body speed. 

30 

18. ^A tire air pressure estimating apparatus according 

to Claim 15, wherein said running state detecting 
device (9, 6: step 900, steps 960, 970) detects a 
braking state of said vehicle, and said changing 
35 device changes said frequency values of said filter 
when said vehicle is in said braking state. 

19. A tire air pressure estimating apparatus according 
to Claim 15, wherein said running state detecting 

40 device (6: steps 960, 970) detects braking states of 
said wheels, and said changing device changes 
said frequency values of said fitter when said 
wheels are in said braking state. 

45 20. A tire air pressure estimating apparatus according 
to Claim 19, wherein said running state detecting 
device is a brake switch (9) for detecting a brake 
pedal depressed by a driver. 

50 21. A tire air pressure estimating apparatus according 
to Claim 15, wherein said running state detecting 
device (6: steps 930, 940) detects a turning state of 
said vehicle, and said changing device changes 
said frequency values of said filter when said vehi- 

55 de is in said turning state. 

22. A tire air pressure estimating apparatus according 
to Claim 1 7. wherein said changing device includes 
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a estimation stop device (6: steps 900-980) for 
stopping estimation of tire air pressure of a driven 
wheel when said vehicle is out of predetermined 
conditions whereas estimation of tire air pressure of 
a drive wheel is continued based on said tire reso- 5 
nance frequency extracted from said frequency 
band changed by said changing device in accord- 
ance with said vehicle body speed. 

23. A tire air pressure estimating apparatus according 10 
to Claim 15. wherein said running state detecting 

i^icviuo \w. 9ixs^a 9 lu, ^cxj) ueieoia a iiiciyiiiiuue \ji ci 

vibration Input from a road surface to said tires, and 
said changing device changes said frequency val- 
ues of said filter when said magnitude of said vibra- 15 
tion input is larger than a reference value. 

24. A tire air pressure estimating apparatus comprising: 

a wheel speed detecting device (2-5, 6: step 20 
100) including wheel speed sensors (2-5). for 
successively calculating wheel speeds of 
respective wheels based on wheel speed sig- 
nals output from said wheel speed sensors 
when a vehicle is running; 25 
an extracting device (6: steps 120-140. 220- 
240) for extracting a tire resonance frequency 
with respect to each of whe^ tires from vibra- 
tion frequency components included in said 
wheel speed signals; 30 
a vibration input determining device (6: step 
910) for determining whether a magnitude of a 
vibration input from a road surface to tires is 
larger than a reference value; 
a changing device (6: step 920) for changing a 35 
frequency band including said tire resonance 
frequency extracted by said extracting device 
based on a determination result of said vibra- 
tion input detecting device; and 
a tire air pressure estimating device (6: steps 4o 
150, 250) for estimating a tire air pressure of 
each of said wheel tires based on said tire res- 
onance frequency extracted from said fre- 
quency band changed by said changing 
device. 45 



ues of said band pass fitter by selecting one of said 
band pass filter portions. 

27. A tire air pressure estimating apparatus according 
to Claim 24. further comprising: 

at least one of a vehicle braking state detecting 
device (9. 6: steps 960, 970), a wheel braking 
state detecting device (6: steps 960. 970) and a 
vehicle turning state detecting device (6: steps 
930940). 

wherein said chanylny device means chanyes 
said frequency band based on detection results 
of said respective detecting devices In addition 
to said magnitude of said vibration input. 



A tire air pressure estimating apparatus according 
to Claim 24. wherein said extracting device includes 
a band pass filter (6: step 120. 220) for allowing 
said wheel speed signals having predetermined fre- 
quencies to pass therethrough, and said changing 
device changes frequency values of said t>and pass 
filter 



50 



26. A tire air pressure estimating apparatus according 
to Claim 25, wherein said band pass filter (6: step 
1 20. 220) has a plurality of band pass filter portions, 
and said changing device changes frequency val- 
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